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Description 

Headlight and headlight element 

5 The invention relates to a headlight as claimed in the 
preamble of claim 1 and to a headlight element as 
claimed in the preamble of claim 31. 

This patent application claims the priority of the 
10 German Patent Application 10314524.9, whose disclosure 
content is hereby included by reference. 

A headlight which comprises headlight elements is 
described, for example, in US 6, 527, 411 Bl . Light 

15 output ends of the headlight element, or the headlight 
elements themselves, are in this case arranged in a 
circular shape, a central headlight element being 
surrounded by a multitude of further headlight 
elements. Light-emitting diodes (LEDs) can be used, in 

20 particular, for a headlight such as this, and, by way 
of example, have the advantage of long life, fast 
response and high electrical efficiency, which leads to 
reduced maintenance effort and reduced energy 
consumption. 

25 

However, because of its circular shape, a headlight as 
claimed in US 6, 527, 411 Bl cannot be used, or can be 
used only to a restricted extent, for many applications 
in which the headlight is required to have a defined 

30 emission characteristic. One example of this is a motor 
vehicle headlight for which the applicable standards 
(for example ECE in Germany) stipulate an emission 
characteristic with a well-defined geometry of a light 
beam, and with abrupt light/dark transitions. 

35 Furthermore, there are applications in which it is 
necessary or advantageous for a headlight to have a 
variable emission characteristic. 
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One object of the present invention is to develop a 
headlight which, while being of simple design, allows a 
multitude of different emission characteristics and 
variable emission characteristics. A further object of 
5 the present invention is to develop a headlight element 
which is particularly suitable for a headlight such as 
this . 

This object is achieved by a headlight having the 
10 features of patent claim 1, and by a headlight element 
having the features of patent claim 37 . 

According to the invention, in a headlight of the type 
mentioned initially, at least some of the headlight 

15 element outputs are arranged in at least two groups in 
such a way that the arrangement of at least one of the 
groups and/or at least an overall arrangement of 
headlight element outputs of multiple groups 
corresponds essentially to a desired emission 

20 characteristic of the headlight, in such a way that 
this results in particular in a shape which corresponds 
essentially to the cross-sectional shape of a desired 
headlight beam. Furthermore, the headlight is designed 
such that the semiconductor chips which belong to the 

25 headlight element outputs of one group can each be 
operated independently of other semiconductor chips . 

In this case and in the following text the expression 
^'a headlight beam" means a volume of any desired shape 

30 which is illuminated by the light from the headlight, 
excluding areas in which the brightness is more than 
one order of magnitude less than the maximum brightness 
at the same distance from the headlight. The expression 
''an emission characteristic" should be understood as 

35 meaning one or more characteristics of the headlight 
beam, such as the light intensity at different spatial 
angles, the light/dark transitions, or a cross- 
sectional shape . The expression ''cross-sectional shape" 
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means the shape of a cross section of the headlight 
beam on a plane at right angles to the main emission 
direction of the headlight. 

5 With a headlight such as this, a multitude of different 
emission characteristics can be achieved just by the 
geometric arrangement of the headlight element outputs. 
Furthermore, a headlight is provided in simple manner, 
whose emission characteristic can be varied by 
10 switching on and off the semiconductor chips which 
belong to the headlight element outputs of different 
groups . 

In a headlight element according to the invention, the 
15 primary optics element is in each case an optical 
concentrator. In this case, the light input is the 
actual concentrator output, so that light passes 
through this in the opposite direction compared with 
the normal use of a concentrator for focusing, and is 
20 thus not concentrated, but leaves the concentrator 
through the light output with reduced divergence - 

In one particularly preferred embodiment, the primary 
optics element is a CPC, CEC or CHC-like concentrator, 

25 and this is what is meant in this case and in the 
following text by a concentrator, whose reflective side 
walls are at least partially and/or at least 
substantially in the form of a compound parabolic 
concentrator (CPC) , a compound elliptical concentrator 

30 (CEC) and/or a compound hyperbolic concentrator (CHC) . 

As an alternative to the CPC, CEC or CHC-like 
concentrator, the concentrator preferably has side 
walls which connect the light input to the light 
35 output, along which direct connecting lines run, 
essentially in straight lines, between the light input 
and the light output. Instead of side walls which are 
curved by paraboloids, ellipsoids or hyperboloids, it 
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is advantageous for the side walls to run essentially 
linearly, so that the primary optics element has the 
basic shape, for example, of a truncated pyramid or a 
truncated cone. 

Primary optics elements and headlight elements designed 
in this way allow the divergence of light to be reduced 
efficiently, thus making it possible to produce a 
headlight with excellent brightness and a well-defined 
emission characteristic. 

The embodiment and advantages of primary optics 
elements as described above and in the following text 
relate not only to the headlight according to the 
15 invention but also to the headlight element according 
to the invention, to the extent that they apply to it. 

Particularly advantageously, the beam angle of a light 
beam which is emitted from the light output of the 

20 primary optics element is between 0 and 60**, preferably 
between 0 and 40**, particularly preferably ^between 0 
and 20**, with the limits in each case being included. 
Analogously to the headlight, the light beam in this 
case and in the following text means volume of any 

25 desired shape which is illuminated by the light that is 
emitted from the light output of the primary optics 
element, excluding areas in which the brightness is 
more than one order of magnitude less than the maximum 
brightness at the same distance from the light output. 

30 In this sense, a light beam does not relate to the 
shape of a beam in the mathematical sense, and can 
accordingly have more than one beam angle. If this is 
the case, then the above statements relate to the 
maximum beam angle. 

35 

Since the divergence of light is in each case limited 
by the primary optics element to such an extent, it is 
possible to achieve a higher light intensity per 
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10 



- 5 - 

headlight element . Furthermore, this results in the 
headlight having a greater number of possible emission 
characteristics which can be achieved by the 
arrangement of the headlight element outputs, since the 
5 light beams which are emitted from the headlight 
element overlap to a lesser extent with the same 
arrangement and, by way of example, it is possible to 
achieve better resolution with regard to the geometry 
of the light beam that is produced by the headlight. 

10 

In order to achieve a light beam emitted from the 
primary optics element with such a small beam angle, 
the light output of the primary optics element 
particularly advantageously has a light input surface 

15 or a light input opening whose size is less than or 
equal to twice the chip output area. The size of the 
light input surface or of the light input opening is 
preferably at most 1.5 times as large, in particular at 
most 1.1 times or 1.05 times, as large as the chip 

20 output area. 

The size of the light input surface or of the light 
input opening is preferably larger than or not 
significantly less than the chip output area. 

25 

The light input of the primary optics element created 
in this way is suitable not only for major reduction in 
the divergence of a light beam, but also allows 
significant miniaturization of the primary optics 
30 element, and thus production of a compact headlight 
with a high emitted light intensity. 

At least some of the headlight element outputs of at 
least one group are preferably densely packed, 
35 particularly preferably being arranged without any 
gaps. This makes it possible to achieve a high light 
intensity and better homogeneity of a headlight beam. 
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The semiconductor chips and/or the headlight element 
outputs are at least partially or at least in subgroups 
advantageously arranged like a matrix, that is to say 
regularly in rows and columns . 

5 

In one particularly preferred embodiment, the headlight 
is intended for use in a motor vehicle. In this case, 
the arrangement of at least a first group of headlight 
element outputs and/or multiple first groups together 

10 essentially correspond to the emission characteristic 
of a lower beam headlamp, in particular to the cross- 
sectional shape of the light beam of a lower beam 
headlamp. The arrangement of at least one second group 
and/or multiple second groups together is such that, 

15 together with the arrangement of the first group or of 
multiple first groups, it or they together or alone 
correspond or corresponds essentially to the emission 
characteristic of a upper beam headlamp, in particular 
to the cross-sectional shape of the light beam of a 

20 upper beam headlamp. 

A motor vehicle headlight such as this can in each case 
easily be adapted to the required standards (for 
example ECE in Germany) and, furthermore, offers the 
25 capability to produce a light beam which can be varied 
by switching semiconductor chips on and off for a lower 
beam headlamp and/or upper beam headlamp. 

In a- further particularly preferred embodiment, the 
30 latter is made use of to produce a ''steering'' 
headlight. In this case, the headlight has multiple 
first and second groups, wherein only semiconductor 
chips in some of the groups are in each case operated 
as a function of the steering angle of the motor 
35 vehicle when using the headlight elements in the first 
and/or the second groups, in such a way that the light 
beam which is emitted from the headlight at least 
partially follows the direction of travel of the motor 



vehicle . 
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The light output of the corresponding primary optics 
element in one embodiment is in each case 
5 advantageously the headlight element output. 

Each primary optics element is preferably followed by 
an optical waveguide, preferably a glass fiber or a 
bundle with multiple glass fibers, with a light input 
10 surface and a light output surface, in the emission 
direction of the primary optics, into which at least 
the majority of the light which is emitted from the 
light output of the respective primary optics element 
is passed through the light input surface. 

15 

The light output surface of the optical waveguide is in 
each case particularly advantageously the headlight 
element output. This allows the headlight element 
outputs to be arranged in a simple manner independently 

20 of the arrangement of the semiconductor chips and/or of 
the primary optics elements, thus providing further 
flexibility for the design of the headlight. For 
example, the semiconductor chips can be arranged 
further apart from one another in order to better 

25 dissipate the heat from a semiconductor chip during its 
operation. The headlight element outputs may in this 
case nevertheless be arranged densely packed. 

The optical waveguide is expediently arranged with the 
30 light input surface in each case directly adjacent to 
the light output of the corresponding primary optics 
element . 

The optical waveguide is in each case advantageously 
35 connected to the corresponding primary optics element 
by means of a plug connector, and/or the optical 
waveguide is in each case fitted with the light input 
surface by means of an adhesive to the light output of 



- 8 - 

the corresponding primary optics element, and is 
connected to the primary optics element. The primary 
optics element and the waveguide are thus fixed with 
respect to one another, ensuring that as much light as 
5 possible emerges from the light output into the 
waveguide . 

The optical waveguide is in each case particularly 
advantageously connected by means of a plug connector 
10 to the corresponding primary optics element and the 
multitude of connecting plugs are connected to one 
another, or are formed integrally. 

It is likewise advantageous for the optical waveguide 
15 to in each case be connected by means of the connecting 
plug to the corresponding primary optics element, and 
for the connecting plug to be formed integrally with 
the primary optics element. This allows them to be 
produced jointly, so that they need no longer be 
20 connected to one another, or installed separately. 

The optical waveguide is preferably formed integrally 
with the corresponding primary optics element. Once 
again, this allows simplified production and/or 
25 simplified installation. Furthermore, this results in 
the light transfer from the primary optics element to 
the waveguide being further optimized. 

In one preferred embodiment of the headlight, the 
30 primary optics element is in each case an optical 
concentrator, particularly preferably a CPC, CEC or 
CHC-like optical concentrator. In this case, the light 
input is the actual concentrator output, so that light 
passes through this in the opposite direction compared 
35 with the normal use of a concentrator, and is thus not 
concentrated, but leaves the concentrator through the 
light output with reduced divergence. 
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The concentrator preferably has a cross-sectional 
surface in the form of a regular polygon, particularly 
preferably a square cross-sectional surface, in a 
region on the side of the light input. It preferably 
5 likewise has a cross-sectional surface in the form of a 
regular polygon preferably a triangular, quadrilateral, 
hexagonal or octagonal cross-sectional surface, in a 
region on the side of the light output. The cross- 
sectional surface merges from one shape to the other 

10 shape between these areas. The light input of the 
concentrator can thus be matched to the conventional 
shape of semiconductor chips, and the light output can, 
by way of example, be designed such that the light 
outputs of multiple primary optics elements can be 

15 arranged regularly and without any gaps, which is 
particularly advantageous when the light output is the 
headlight element output. 

In one advantageous embodiment, the concentrator has a 
20 base body which defines a cavity, whose internal wall 
is reflective for the light emitted from the 
semiconductor chip and/or whose internal wall is 
essentially provided with a layer or layer sequence, 
preferably with a metallic layer, which is reflective 
25 for the light emitted from the semiconductor chip. 

Alternatively, the concentrator is advantageously a 
dielectric concentrator whose base body is a solid body 
which is composed of a dielectric material with a 

30 suitable refractive index such that light which is 
injected via the light input is reflected in this by 
total internal reflection on the side boundary surface 
of the solid body, which connects the light input to 
the light output, to the external atmosphere. This has 

35 the advantage that the reflections in the concentrator 
mean that there are virtually no light losses. 

The dielectric concentrator particularly advantageously 
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has a boundary surface which is curved like a lens as 
the light output, which, for example, may be 
spherically or aspherically curved. This makes it 
possible to achieve a further reduction in the 
5 divergence of the light beam. The light output is 
preferably curved in the manner of an aspherical lens, 
thus making it possible, for example, to take account 
of the size of the chip output surface. Spherical 
lenses are optimum for point light sources and may have 
10 considerably poorer characteristics, with regard to the 
reduction in the divergence of a light beam, for non- 
point light sources. 

In a further embodiment, the dielectric concentrator is 
15 advantageously provided at least partly with a layer or 
layer sequence, preferably with a metallic layer, which 
is reflective for the light which is emitted from the 
respective semiconductor chip. This may be 
advantageous, for example, when the semiconductor chip 
20 is included in the material of the concentrator in 
order to prevent the radiation, which does not comply 
with the condition of total internal reflection 
initially, being emitted from the concentrator at the 
side . 

25 

The concentrator is preferably arranged downstream from 
the semiconductor chip in its main emission direction, 
with a gap between the chip output surface and the 
light input of the concentrator. This gap is 
30 advantageously substantially free of solid or viscous 
materials . 

This means that, in particular, beams which are emitted 
at a particularly large angle with respect to the main 
35 emission direction of the semiconductor chip and which 
would excessively widen the light beam of the light 
output do not strike the light input but run passed it 
at the side. In the case of a dielectric concentrator. 
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the gap leads to a greater proportion of the light rays 
being reflected on the boundary surface of the light 
input the larger their incidence angle. The highly 
divergent component of the light which reaches the 
5 concentrator is thus in each case attenuated. 

Especially in this context, it is particularly 
advantageous for the headlight element to have one or 
more reflector elements, which are arranged in such a 

10 way and/or are of such a shape that some of the light 
rays which do not enter the concentrator directly from 
the semiconductor chip are subject to multiple 
reflections on it, and are passed to the light input of 
the concentrator at a smaller angle with respect to the 

15 main emission direction of the semiconductor chip. This 
leads to an increase in the intensity of the light 
reaching the concentrator. 

The base body of the concentrator is expediently 
20 composed of a transparent glass, a transparent crystal 
or a transparent plastic, and is preferably 
manufactured using an injection-molding and/or 
transfer-molding process. 

25 The material of the base body is particularly 
preferably resistant to radiation emitted from the 
semiconductor chip, in particular to electromagnetic 
radiation from the blue or UV spectral range. For this 
purpose, the material has, for example, silicone, or is 

30 composed of it. 

In one advantageous embodiment, the semiconductor chip 
is a diode which emits electromagnetic radiation, 
preferably a diode which emits electromagnetic 
35 radiation and has an at least approximately Lambert 
emission characteristic, particularly preferably being 
a thin-film light-emitting diode chip. 
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A thin-film light-emitting diode chip is distinguished 
in particular by the following characteristic features: 
a reflective layer is applied to or is formed on a 
first main surface, facing towards a mount 
element, of a radiation-producing epitaxial layer 
sequence, and reflects back at least a portion of 
the electromagnetic radiation produced into the 
epitaxial layer sequence; 

the epitaxial layer sequence has a thickness in 
the region of 20 \m or less, in particular in the 
region of 10 )im; 
and 

the epitaxial layer sequence contains at least one 
semiconductor layer with at least one surface 
which has a mixing structure which, in the ideal 
case, leads to an approximately ergodic 
distribution of the light in the epitaxial layer 
sequence, that is to say it has a scattering 
behavior which is as ergodically stochastic as 
possible . 

One fundamental principle of a thin-film light-emitting 
diode chip is described, by way of example, in 
I. Schnitzer et al., Appl. Phys . Lett. 63 (16), 
25 October 18, 1993, 2174 - 2176. The disclosure content 
of which is hereby incorporated by reference - 

A thin-film light-emitting diode chip is, to a good 
approximation, a Lambert surface emitter and is thus 
30 particularly highly suitable for use in a headlight. 

In one preferred embodiment of the headlight, the diode 
is followed in the emission direction by a luminescence 
conversion material, which converts the wavelength of 
35 at least a portion of the electromagnetic radiation 
emitted from the thin-film light-emitting diode, that 
is to say which absorbs this radiation and then emits 
radiation at a different wavelength. The resultant 
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radiation is obtained by mixing the radiation whose 
wavelength has been converted with the radiation 
emitted from the diode, so that, in particular, this 
also makes it possible to produce white light, as is 
5 required for many headlight applications. 

The wavelength of the radiation which is emitted from 
the thin-film light-emitting diode chip can also be 
converted essentially completely by the luminescence 

10 conversion material, for example, in order to convert 
radiation that is not visible to visible light. When 
using at least two different luminescent materials it 
is also possible, in particular, to produce white light 
in this way. Such organic or inorganic luminescent 

15 material particles are described, for example, in 
WO 98/12757, the content of which is hereby 
incorporated by reference. 

The headlight elements are advantageously followed in 
20 their main emission direction by secondary optics, by 
means of which the light emitted from them experiences 
a further reduction in the divergence, . and/or is mixed. 
These secondary optics are expediently in the form of a 
condenser lens in one further embodiment. 

25 

It is particularly advantageous for the primary optics 
elements of multiple headlight elements to be formed 
integrally with one another. This makes it possible not 
only to significantly simplify the production of the 
30 primary optics element but also to significantly 
simplify their installation in a headlight, which can 
lead, for example, to reduced production costs. 

In one preferred embodiment of the headlight, the 
35 semiconductor chips are arranged on in each case one 
mount, on which they are each surrounded by a frame to 
or in which the primary optics element is fitted and is 
held by it, and/or by means of which it is adjusted 
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relative to the chip output surface - 

At least some of the mounts and/or in each case the 
mount and the frame are advantageously formed 
5 integrally with one another. 

It is particularly advantageous for the mounts for 
multiple semiconductor diodes to be arranged in at 
least one strip alongside one another, like a row. This 
10 makes it possible to better dissipate the heat that is 
created during operation of the semiconductor chips. 

In a further embodiment of the headlight, the inner 
surface of the frame and/or the free surfaces of that 

15 surface of the mount which faces the emission direction 
of the headlight are/is reflective for light which is 
emitted from the respective semiconductor chip. 
Additionally or alternatively, it or they is or are 
provided, at least partly, with a layer or layer 

20 sequence, preferably with a metallic layer, which is 
reflective for the light which is emitted from the 
respective semiconductor chip. 

Further advantages, preferred embodiments and 
25 developments of the headlight and of the headlight 
elements will become evident from the exemplary 
embodiments that are explained in the following text in 
conjunction with Figures 1 to 7, in which: 

30 Figure 1 shows a schematic section view of one 
exemplary embodiment of a headlight element. 

Figure 2 shows a schematic three-dimensional view of a 
second exemplary embodiment of a headlight 
35 element. 

Figure 3a shows a schematic three-dimensional view of a 
third exemplary embodiment of a headlight 



element^ 
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Figure 3b shows a schematic three-dimensional section 
view of the headlight element shown in 
5 Figure 3a, 



Figure 4 shows a schematic plan view of one exemplary 
embodiment of a headlight, 

10 Figure 5 shows a schematic plan view of a second 
exemplary embodiment of a headlight, 

Figure 6 shows a schematic three-dimensional view of 
one exemplary embodiment of a primary optics 
15 element, and 

Figure 7 shows a schematic three-dimensional view of 
one exemplary embodiment of primary optics 
elements which are formed integrally with one 
20 another. 



Identical components or components having the same 
effect are in each case provided with the same 
reference symbols in the exemplary embodiments and 
25 figures. 

The headlight element 2 illustrated in Figure 1 has a 
semiconductor chip 3 which is fitted on a mount 12. The 
mount 12 is in turn fitted on a second mount 15, which 
30 acts as a heat sink for the heat that is produced by 
the semiconductor chip 3 during its operation. 

The semiconductor chip is, for example, a thin-film 
light-emitting diode chip, which can be obtained as 
35 described in the general part. Furthermore, the 
epitaxial layer sequence may be based on at least one 
material in the system InxAlyGai-x-yN or InxGayAli-x-yP 
where 0<x<l, O^y^l and x+y ^ 1. This has a chip 
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output surface 4, which is directly adjacent to the 
light input 17 of the primary optics element. 

By way of example, a luminescence conversion material 
5 can be applied to the chip output surface 4 and, by way 
of example, has one or more types of fluorescent 
particles based on YAG:Ce. The luminescence conversion 
material makes it possible to produce, in particular, 
white light either by substantially complete conversion 
10 of primary radiation from the semiconductor chip or by 
deliberate partial conversion and mixing of primary 
radiation and converted radiation of visible light of a 
desired color type on the CIE color chart. 

15 The primary optics element 5 is a three-dimensional 
CPC-like concentrator, whose light input 17 and light 
output 18 are circular, with the light output 18 at the 
same time forming the headlight element output. Light 
in the form of visible electromagnetic radiation passes 

20 through the light input 17 from the semiconductor chip 
3 into the primary optics element 5. The radiation is 
reflected on the inner walls, which connect the light 
input 17 to the light output 18, in such a way that the 
divergence of the light is considerably reduced 

25 (indicated by the lines 16) . The light beam which is 
emitted from the light output 18 has, for example, a 
beam angle of less than 30"", for example about 9"*, 
while in contrast the semiconductor chip has an 
approximately Lambert emission characteristic. 

30 

The base body of the primary optics element 5 acts like 
a cavity whose inner wall is provided with a material 
which is reflective for the light which is emitted from 
the semiconductor chip, for example being provided with 
35 a metallic layer which is composed, for example, of 
aluminum. In this case, the wavelength of the light is 
partially or entirely converted. The material from 
which the base body is essentially manufactured may be 
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a plastic such as polycarbonate and, by way of example, 
the base body may be produced from a material such as 
this by means of injection molding. 

5 As is shown in Figure 2, the semiconductor chip 3 may 
additionally be surrounded by a frame 13, by means of 
which the primary optics element 5 can be held and/or 
can be adjusted relative to the semiconductor chip 3. 
The frame is, for example, partially filled with an 
10 encapsulation compound, which may be composed of one or 
more types of luminescent materials. 

In the exemplary embodiment shown in Figure 2, the 
headlight element 2, in contrast to the exemplary 

15 embodiment explained with reference to Figure 1, has a 
primary optics element 5 in the form of a CPC-like 
concentrator, whose cross section has a square shape at 
right angles to its main emission direction, so that, 
in particular, its light input (not shown) and light 

20 output 18 are also square. The shape of the primary 
optics element 5 is thus matched to the shape of the 
chip output surface of the semiconductor chip 3. 
Furthermore, this has the advantage that the light 
outputs and the headlight element outputs of multiple 

25 such headlight elements 2 can be arranged on a surface 
of any desired size without any gaps. 

A further exemplary embodiment of a headlight element 
is illustrated in Figures 3a and 3b. In this case, the 
30 primary optics element 5 is a dielectric CPC~like 
concentrator, whose base body is composed, for example, 
of a transparent plastic. 

The light input 17 has a square shape, while the light 
35 output 18 is in the form of a regular octagon (in each 
case shown in the form of a plan view on the right, 
alongside the headlight element 2) . The cross-sectional 
shape of the primary optics element 5 merges from one 
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form to the other in between. The light output is 
matched by virtue of its shape to the light input 
surface 20 of an optical waveguide 10 which, with this, 
is directly adjacent to the light output 18. The 
5 optical waveguide 10 is, for example, a glass fiber 
but, as an alternative to the example shown in Figures 
3a and 3b, may also have multiple thin glass fibers. 
The light output surface of the waveguide 10 in this 
case forms the headlight element output (not shown) . 

10 

The optical waveguide 10 is, for example, connected by 
means of a suitable adhesive to the light output 18 of 
the primary optics element 5. Alternatively or 
additionally, the waveguide 10 and the primary optics 
15 element 5 may also be connected to one another by means 
of a connecting plug. In this case, the primary optics 
element 5 may also be formed integrally with the plug 
and, for example, may be produced from a transparent 
plastic by means of injection molding. 

20 

There is an air gap 19 between the chip output surface 
4 of the semiconductor chip 3 and the light input 17. 
This attenuates the highly divergent component of the 
light entering the primary optics element 5, as 
25 described in the general part of the description. 

In addition. Figure 3b shows a frame 13 for the 
headlight element. The inner wall 20 of this frame 13 
and the mount 15 are manufactured from a reflective 

30 material, so that some of the light beams which do not 
enter the primary optics element directly are subject 
to multiple reflections on it in such a way that they 
are deflected at a small angle with respect to the main 
emission direction of the semiconductor chip 3 onto the 

35 light input 17 of the primary optics element. The frame 
13 may in this case be formed integrally with the mount 
12. 
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Alternatively, the semiconductor chip 3 may also be 
embedded in the material of the primary optics element 
5, or its chip output surface may be directly adjacent 
to the light input 17 . 

5 

At least a part of the side surface of the base body of 
the primary optics element 5 which connects the light 
input 17 to the light output 18 can be provided with a 
reflective layer (for example aluminum) in such a way 

10 that light beams which are injected into the light 
input 17 and do not satisfy the condition of total 
internal reflection on the side surface are 
nevertheless reflected on it. This may be expedient, 
particularly in the case of that part of the side 

15 surface which is adjacent to the light input 17. 

In contrast to the primary optics elements illustrated 
in Figures 1 to 3b, the primary optics element 5 
illustrated in Figure 6 has side walls which run on 

20 straight lines from the light input 17 to the light 
output 18. The primary optics element 5 is a dielectric 
concentrator with a basic shape in the form of a 
truncated cone, with the light output 18 not being 
planar but being curved outwards like an aspherical 

25 lens. Compared with spherical curvature, the curvature 
decreases, for example, as the distance from the 
optical axis of the primary optics element increases, 
in order to take account of the fact that the light 
beam whose divergence is intended to be reduced by the 

30 primary optics element is not a point light source, but 
is a light source with a specific extent. 

A primary optics element as illustrated in Figure 6 has 
the advantage over the primary optics elements 5 
35 illustrated in Figures 1 to 3b that it makes it 
possible to achieve a comparable reduction in the 
divergence of a light beam while at the same time 
significantly reducing the physical height of the 
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primary optics element 5, A further advantage of the 
primary optics element illustrated in Figure 6 is that, 
because it has straight side surfaces, it can be 
produced more easily by means of a spraying method, 
5 such as injection molding or transfer molding. 

The light input has, for example, a light input surface 
which is approximately of the same size as a chip 
output surface of a semiconductor chip which can be 

10 used with the primary optics element. This makes it 
possible to make particularly good use of the 
characteristics of the primary optics element in terms 
of reducing the divergence. The light input area is 
particularly preferably at most 1.5 times as large as 

15 the chip output area. 

It is also possible to use the primary optics element, 
for example, with a semiconductor chip whose chip 
output surface is larger than the light input surface, 

20 although this can lead to somewhat reduced 
effectiveness, with regard to the emitted light 
strength and light intensity. In an example, 
simulations have shown that approximately 10% less 
light intensity can be emitted into a spatial angle of 

25 15** when the chip output area is somewhat larger, than 
in the case of a chip output area which is somewhat 
smaller than the light input area. 

A spraying method, in particular, can be used to form 
30 multiple primary optics elements integrally with one 
another, as is illustrated in the form of an example in 
Figure 7. The primary optics elements 5 in this 
exemplary embodiment are connected to one another by 
means of a mounting plate 50, with the mounting plate 
35 being arranged close to the light output 18, so that 
parts of the primary optics elements 5 which are like 
truncated pyramids originate from one face of the 
mounting plate 50 and lens-like elements are formed on 
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the other face, whose outer surface in each case forms 
the light output 18 of the primary optics elements 5. 

As an alternative to the exemplary embodiments of 
5 primary optics elements 5 as explained with reference 
to Figures 6 and 1, these may, for example, also have a 
basic shape like a truncated cone or a basic shape with 
a rectangular cross section, instead of a basic shape 
like a pyramid. It is likewise feasible for the square 
10 cross section of the primary optics elements in Figures 
6 and 7 to merge towards the light output 18 into a 
cross-sectional shape which has more than four corners, 
analogously to the exemplary embodiment which has been 
described above with reference to Figures 3a and 3b. 

15 

It is also possible for the primary optics element to 
be designed in such a way that the divergence of 
electromagnetic radiation on different planes which run 
parallel to the main emission direction of the primary 
20 optics element is reduced to a different extent. For 
example, the beam angle of an emitted light beam is 
approximately 7° on one plane, and is approximately 10** 
on a plane at right angles to this first plane (section 
surface along a main emission line) . 

25 

It is likewise possible for CPC, CEC or CHC-like 
dielectric concentrators to likewise have a light 
output which is curved like a lens, in order to further 
reduce the divergence of a light beam. As an 

30 alternative to a dielectric concentrator, the 
concentrator may also be formed from a hollow body with 
reflective inner walls, whose light output is followed 
by a lens in the emission direction of the 
concentrator. By way of example, the lens is fitted to 

35 the light output. 

Figure 4 shows the plan view of one exemplary 
embodiment of a headlight in the form of a motor 
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vehicle headlight 1. This comprises a multitude of 
headlight elements 2, whose headlight element outputs 
25 are arranged in groups like a matrix, and 
substantially without any gaps. The headlight elements 
5 2 may, for example, be designed in the same way as 
described in one or more of the exemplary embodiments 
that have been explained with reference to Figures 1 to 
3b. Thus, in particular, the headlight element outputs 
may either be light outputs of the primary optics or 
10 light output surfaces of optical waveguides. 

Irrespective of the fact that the headlight element 
outputs 25 in Figure 4 have a square shape, they may 
have any desired shape, and in particular may also be 
15 triangular, hexagonal or octagonal, or else round. 

When the headlight elements have optical waveguides, 
the respective semiconductor chips can be arranged 
differently than in the case of the headlight element 

20 outputs, for example alongside one another in a single 
row. In the situation where the waveguides are 
connected by means of connecting plugs to the primary 
optics element, all of the connecting plugs may be 
formed integrally together, or some of them may in each 

25 case be formed integrally. 

The headlight element outputs 25 are subdivided into 
two groups 1, 8, whose separating line is indicated in 
Figure 4 by the two lines 23, 24, with the lower group 

30 7 forming the headlight output for a lower beam 
headlamp, and the upper group 8 together with the lower 
group 7 forming that for a upper beam headlamp. The 
semiconductor chips of the headlight elements 2 which 
belong to the lower group 7 may be operated 

35 independently of other semiconductor chips. In order to 
produce a headlight beam with the emission 
characteristic of a upper beam headlamp, the 
semiconductor chips of the headlight elements which 
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belong to the upper group 8 may be operated in addition 
to those in the lower group 7 . 

Both groups each have two subgroups 11, 72 and 81^ 82, 
5 respectively, of which in each case one is arranged 
along one of the lines 23, 24, with the first line 24 
being rotated through 15"* with respect to the other 
line 23. This results in a headlight beam for the lower 
beam headlamp (groups 71, 72) which corresponds 
10 essentially to the German Standard ECE, on the basis of 
which this beam must have a horizontally running upper 
limit on the left-hand side in the emission direction 
of the headlight (which corresponds to the group 72), 
such that drivers of oncoming vehicles are not dazzled. 

15 

The right-hand side of the headlight beam (which 
corresponds to the group 71) in contrast has an upper 
limit which lies on a plane tilted through 15** with 
respect to the horizontal, such that that part of the 
20 road which is located on the right in the direction of 
travel, or the road edge, is illuminated better and in 
the direction of travel further by the headlight than 
the left-hand part. 

25 When the upper beam headlamp is selected, those 
semiconductor chips which belong to the headlight 
element outputs that are located relatively high are 
switched on, so that the resultant headlight beam 
overall illuminates a more far-reaching part of the 

30 roadway, in particular in the direction of travel. 

The arrangement of the groups and subgroups can easily 
be matched to the legal requirements in different 
countries . 

35 

The headlight element outputs may be followed by a 
condenser lens (not shown) , in order to further reduce 
the divergence of the light from the headlight. 
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Figure 5 shows a further exemplary embodiment of a 
headlight . This is likewise a motor vehicle headlight 
1^ whose headlight element outputs are arranged in 
5 accordance with the ECE Standard. 

In contrast to the exemplary embodiment which has been 
explained with reference to Figure 4, the headlight 
shown in Figure 5 has peripheral groups of headlight 

10 element outputs 711, 811, 721, 821, whose corresponding 
semiconductor chips are in each case switched on or off 
in accordance with the steering angle of the vehicle, 
such that the light beam emitted from the headlight at 
least partially follows the direction of travel of the 

15 motor vehicle. 

The central groups 710, 720, 810, 820 are switched on 
or off, for example manually by the driver, 
independently of the steering angle, as a function of 
20 whether the lower beam headlamp or upper beam headlamp 
has been selected. 

When steering straight ahead with lower beam headlamp 
selected, for example the semiconductor chips in the 

25 central groups 710, 720 as well as in each case one of 
the peripheral groups 711 and 721 adjacent to them, may 
be selected. If the steering angle is changed in the 
direction of the peripheral groups 711 on the left in 
the direction of travel, then a further one of these 

30 groups, for example, is switched on, and the right-hand 
peripheral group 721, which is switched on until this 
point, is at least partially switched off for this 
purpose . 

35 The above explanation of the invention on the basis of 
the exemplary embodiment should not, of course, be 
regarded as any restriction of the invention to these 
exemplary embodiments. Thus, for example, the invention 
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is in no way restricted to motor vehicle headlights, 
but covers all conceivable types of headlight. The 
invention is particularly suitable for a projection 
light source, as well. In addition, in this case, 
5 semiconductor chips which can be operated independently 
of one another may be used, for example, for sequential 
projection of different projection images and/or 
different colors. 

10 Furthermore, one headlight may also have multiple 
semiconductor chips per headlight element and/or 
semiconductor chips of different emission colors, for 
example red, green and blue. The headlight element 
outputs which are associated with the semiconductor 

15 chips that emit different colors may then, for example, 
be arranged such that they are mixed with one another, 
in such a way that the light from the different 
headlight element outputs is subsequently mixed, 
effectively producing white light. 

20 

Features which have been explained with reference to 
different exemplary embodiments can be combined with 
one another as required independently of the exemplary 
embodiment. The invention covers every new feature as 
25 well as every combination of features which, in 
particular, includes every combination of features in 
the patent claims, even if this feature or this 
combination itself is not explicitly stated in the 
patent claims or exemplary embodiments. 
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